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• “Diagnosis Before Intervention” (Athens Charter, 1931) is particularly important
• Many deterioration mechanisms exist
• Need to fully understand the particular illness (deterioration mechanisms) in each case to prescribe treatment
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Law Tower and Library, Boston
Josep Lluis Sert, 1962

Need to answer the questions:

• Where?
• Why?

Where? (Locations and extent of deterioration):
• Tools:
• Visual (binocular)
• Hands-on, auditory (probing, hammer
sounding, chain dragging)

Why?

(Underlying causes of deterioration):

• Tools:
• Petrographic examination and laboratory
testing of cores
• GPR/SPR survey of cover
• Other non-destructive tests

• Corrosion of reinforcement, via
• Low cover
• Carbonation front reaching steel
• Moisture ingress
• High chlorides (internal or external)
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• Alkali-Silica reaction
• Freeze/thaw damage (not common on mid-century modernist
facades with air–entrained concrete)
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Treatment must be appropriate for the illness!
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• Proactive (preventative) treatments:

• Attempt to reduce the future rate of deterioration
• Tailor the proactive treatment to the illness
(deterioration mechanism)

Treatments to inhibit moisture ingress:
• Metal flashing caps or roofing coating
on “sky facing” surfaces
•
•

Clear penetrating water repellant (e.g.,
silane or siloxane)
Film-forming opaque coatings (e.g.,
paint, elastomeric)

LEGEND:
• Blue = significant visual change
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(compared to other options)
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Treatments to inhibit moisture ingress: Chemical treatments to alter
corrosion process:
• Metal flashing caps or roofing coating
on “sky facing” surfaces
• Re-alkalization ($$$)
• Clear penetrating water repellant (e.g., • Chloride extraction ($$$)
silane or siloxane)
• Penetrating corrosion inhibitor
• Film-forming opaque coatings (e.g.,
paint, elastomeric)
Electrical treatments (active or
passive) to alter corrosion
process:
• Passive galvanic protection of
localized repairs (sacrificial zinc
LEGEND:
anodes)
• Blue = significant visual change
• ($$$) = Relatively high cost
• Active (impressed current)
(compared to other options)
cathodic protection ($$$)

GPR cover survey
Hands-on sounding

Binocular Survey

Data Analysis and
Synthesis
Corrosion Activity
Testing

Petrographic
analysis

Assessment – Hands-on survey
●
●
●

Visual/documentation of spalls and
delaminations
Hammer sounding
Chain drag sounding
Building Z – Hands-on Survey
North

Wall

Balcony

Away from Reveals
at Reveals
Slab Edge
Building Corner
Column
Previous Repair
Total
Slab Topside
Slab Underside
Slab Edge
Column
Previous Repair
Total

South
3
12
8

2
2
1
2
4
1
8

23

East
3
4
1

West

Total
6
16
9

1

1

4

9

1
41
17
22

35
42
19
26
1
6
94

6
86

In-Situ Testing
●

Ground Penetrating Radar
(GPR) survey of concrete cover

Cover Statistical Measures (using GPR)
Building

Reinforcement

Z
Z
Z

Wall
Wall at Reveal
Slab Edge at Wall

Number of
Minimum
Measurements
971
971
422

0.558
-0.067
0.973

Maximum

Average

4.285
3.660
3.726

1.755
1.302
2.206

Standard
Deviation
0.553
0.553
0.558

Median
1.726
1.101
2.220

In-Situ Testing
●
●

Measures of Corrosion Activity: using galvanostatic pulse
Corrosion rate, resistance, and potential (shown)

3rd floor, east elev.

5th floor, east elev.

4th floor, east elev.

7th floor, east elev.

In-Situ Testing: Water testing
●
●

What are the leakage paths?
Through the concrete, or through other components?

Laboratory - Petrographic Analysis of cores
Key information:
● w/cm ratio
● Air entrainment: %, & max. spacing factor
● Carbonation depth
● Chloride content
●

●

at various depths

Any evidence of internal concrete degradation
due to:
●
●
●

alkali silica reaction (ASR)
sulfate attack
freeze/thaw cycling

GPR cover survey
Hands-on sounding

Binocular Survey

Data Analysis and
Synthesis
Corrosion Activity
Testing

Petrographic
analysis

Corrosion damage
to date since
original
construction
(calculated and
observed)

Damage
forecast
over next
30 years
(calculated)

Damage
forecast
for next
30 years
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Assimilating the Data – piecing together the puzzle
●
●
●
●

Corrosion Activity
Underlying causes of distress
Testing
Treatment appropriate for the malady
Prognosis for the future
Best value investments
Hands-on
sounding

Petrographic
Analysis

Visual Survey

Data Analysis and
Synthesis - Histograms

GPR Cover
Survey

